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difficulties associated with their use in reduced-order large space
structure controller design. The methods initially selected are
characterized by constant-gain output feedback, the simplest form of
active multivariable control; (1) Modal Decoupling, (2) Pole Assignment,
(3) Optimal Output Feedback, (4) Suboptimal Output Feedback,

(5) Stochastic Optimal Output Feedback. A performance comparison of
specific designs with these methods was made. Extensions to the
published Kosut methods of suboptimal output feedback are developed, as
well as the details of an algorithm necessary for a numerical solution.
Techniques and conditions are developed for reduction of control
(observation) spillover by placement of actuators (sensors), by
synthesis of the actuator (sensor) influences, and by compensation of
acutators (sensors) 4o For the applications effort, relatively high order
models representatide\of the large space structures of interest were
employed. Effectiveness of both passive and active local member dampers
as well as modern modal controller feedback designs for inducing
vibration damping, was studied by simulation. A simple structural model
(tetrahedron) was developed for the purpose of evaluating various large
space structure control methods.
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APPENDIX A

TETRAHEDRAL MODEL

A.l Introduction . -

In order to evaluate and compare the various methods for structural
control of large space structures (LSS), a simple evaluation model was created.
The goal in the design of this model was to retain many of the characteristics
of a typical LSS, and at the same time, keep the order of the problem small

~ (less than 20 modes). The resulting model, shown in Figure A-1, meets these
design requirements., The structure is similar in form to typical optical and
radar systems. The performance criterion for this system is the motion of
Node 1 at the apex of the tetrahedron. This is analogous to the line-of-sight
error performance measure of typical LSS optical systems. This model has 12
dynamic degrees of freedom, and thus a maximum of 12 modes. This results in
low-order design and evaluation models, which can eéasily be used to evaluate
a variety of control systems.

inisalitieisiliisioisic

Figure A-1. Tetrahedral finite-element model.




A.2 Finite-Element Model

The finite-element model of the structure is shown in Figures A-l and
A-2. It is a tetrahedron supported by six legs, which are pinned to the ground.
The system is ground-supported because attitude control is not of concern at
this time. The global coordinates of each node point are listed in Table A-1.
All joints are pin connections, that is, capable of transmitting only axial
member forces. Table A-2 lists the nodal connectivity and cross-sectional
area of each element. A Young's modulus value of one has been used to simplify
the stiffness computation, Masses are lumped at Nodes 1 through 4 and are
listed in Table A-3.

|

-
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Figure A-2. Tetrahedral finite-element model—ground-supported
by six legs.




Table A-l. Node point coordinates.
Node X Y Z
1 0.0 0.0 10.165
2 -5.0 -2.887 2.00
3 5.0 -2,887 2.00
4 0.0 5.7735 2.00
5 -6.0 -1.1547 0.0
6 ~4.0 -4.6188 0.0
7 4.0 -4.6188 0.0
8 6.0 -1.1547 0.0
9 2.0 5.7735 0.0
10 <2.0 5.7735 0.0
Table A-2. Element connectivities and areas.
Cross-Sectional Area
Element Node 1 Node 2 Nominal Case Perturbed Case
1 M 2 1000. 1200.
2 1 3 100. 150.
3 1 4 100. 150.
4 2 3 1000. 1200.
5 3 4 1000. 1200.
6 2 4 1000. 1200.
7 2 5 100. 150.
8 2 6 100. 150.
9 3 7 100. 150.
10 3 8 100. 150.
11 4 9 100. 150.
12 4 10 100. 150.
Table A-3. Nodal lumped masses.
Lumped Mass
Node Nominal Case Perturbed Case
1 2.0 4.0
2 2.0 2.0
3 2.0 2.0
4 2.0 2.0

. by ik
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A modal analysis was performed using NASTRAN. The printout of this
analysis, which contains the input data and the resulting natural frequencies
and mode shapes, is reproduced in Section A.3. Computer plots of the mode
shapes are given in Figure A-3. .

MODE 1 MODE 2
FREQUENCY = 0.214 Hz FREQUENCY = 0.265 Hz

MODE 3 1 MODE 4
FREQUENCY = 0.460 Hz FREQUENCY =0.471 Hz

Figure A-3. Mode shapes—nominal configuration.




MODE 5 ' MODE 6
FREQUENCY = 0.541 Hz FREQUENCY = 0.669 Hz

1 1

MODE 7 MODE 8
FREQUENCY = 0.742 Hz FREQUENCY =0.757 Hz

Figure A-3., Mode shapes—nominal configuration. (Cont.)




MODE 9 MODE 10
FREQUENCY = 1.368 Hz , FREQUENCY = 1,472 Hz

e

MODE 12 MODE 11
FREQUENCY = 2.054 Hz FREQUENCY = 1.637 Hz !

Figure A-3. Mode shapes—nominal configuration. (Cont.)




In order to evaluate the sensitivity of the control system to varia-
tions in the system frequencies and mode shapes, a perturbed model was created
by varying selected mass and stiffness properties. The new lumped masses and
member cross-sectional areas are listed in Table A-3 along with the nominal
configuration. A modal analysis of this model was performed. The natural
frequencies are listed in Table A-4 for easy comparison with the nominal case.
The NASTRAN printout for the perturbed structure is reproduced in Section A-4,
and contains a complete listing of the input data and the new natural fre-
quencies and mode shapes.

Table A-4. Modal natural frequencies.

Nominal Case Perturbed Case
Mode rad/s Hz rad/s Hz
1 1.342 0.2136 1.171 0.1863
2 1.665 0.2650 1.467 0.2334
3 2.891 0.4601 2.965 0.4718
4 2,957 0.4707 3.558 0.5662
5 3.398 0.5408 3.848 0.6125
6 4,204 0.6692 5.149 0.8196
7 4.662 0.7420 5.676 0.9033
8 4.755 0.7568 5.711 0.9089
9 8.539 1.359 8.940 1.423
10 9.250 1.472 10.030 1.640
11 10.285 1.637 10.923 1.739
12 12.905 2.054 13.966 2,223
7
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NASTRAN Listing for Nominal Configuration
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MISSION
Cof
Rome Air Development Center

RADC plans and executes reseanch, development, test and
selected acquisition proghams in suppornt of Command, Control
Communications and Intelligence (C31) activities. Technical
and engineering support within aneas of technical competence
48 provided to ESD Program 0f4ices (POs) and other ESD
elements. The principal technical mission aneas are
communications, electromagnetic gulidance and control, sur-
velllance of ground and aerospace objects, intelligence data
collection and handling, information system technology,

- Aonospheric propagation, solid state aciences, microwave
physics and electronic reliability, maintainability and
compatibility.



